Multidomain synthetic peptide B2A2 synergistically enhances BMP-2 in vitro.
A multidomain, synthetic peptide designated B2A2 synergizes the activity of BMP-2. B2A2 interacts with BMP receptor isoforms, potentiating the action of BMP-2 in activating alkaline phosphatase and triggering Smad and MAPK signaling. B2A2's design permits its delivery as a local surface coating as well as a soluble co-factor, thus broadening potential bioengineering applications. BMP-2 induces osteogenic differentiation and accelerates bone repair. Although BMP-2 inhibitors have been discovered, no BMP-2 mimetics or enhancers that function in the physiological range have yet been found. Here we report that a synthetic peptide designated B2A2, consisting of (1) a BMP receptor-targeting sequence, (2) a hydrophobic spacer, and (3) a heparin-binding sequence, is a positive modulator of recombinant BMP-2. Cultures of mesenchymal cell lines C2C12 and C3H10T1/2 were given B2A2, recombinant BMP-2, or both. Alkaline phosphatase (ALP) activity was assayed by conversion of paranitrophenol phosphate (PNPP). Signaling through Smad and MAP kinase pathways was monitored by Western blot. Receptor binding was assessed by incubating immobilized B2A2 with soluble recombinant receptor-Fc chimeras and detecting bound receptor by anti-Fc antibody ELISA. Surface coating of medical device materials was done by first dip-coating with silyl-heparin, followed by B2A2. Treatment of cells with B2A2 alone marginally increased ALP activity. However, B2A2 plus BMP-2 resulted in 5- to 40-fold augmentation of ALP compared with BMP-2 alone in C3H10T1/2 or C2C12 cells, respectively. This synergistic enhancement was observed over a broad concentration range (4-1000 ng/ml BMP-2). B2A2 interacted directly with BMP receptor isoforms (preferentially to BMPR-Ib and ActivinR-II). In cells, B2A2 + BMP-2 led to a repression of MAP kinase and an increase of Smad activation, consistent with known activation pathways of BMP-2. B2A2 was ineffective when paired with other cytokine/growth factors (basic fibroblast growth factor [FGF-2], TGF-beta1, vascular endothelial growth factor [VEGF]). Simultaneous co-administration was not strictly required. Pulse-chase experiments revealed that temporal separations up to 1 h were still effective. B2A2 was also effective when delivered in a polystyrene- or stainless steel-coated surface through a heparin platform (silyl-heparin) while BMP-2 was added exogenously in solution. These results suggest that B2A2 might promote aggregation of receptor subunits, enabling BMP-2 to activate signaling pathways at effectively lower concentrations. Synthetic multidomain constructs like B2A2 may be useful to accelerate bone repair/deposition through augmentation of endogenous levels of BMP-2 or through local BMP-2 contained in artificial or engineered matrices.